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(54) Visually-readable Reagent lest strip 

(57) A multilayer reagent test strip measures the 
concentration of analyte in a liquid sample that is 
applied to it. The sample is guided to a numt^er of assay 
areas arrayed along the strip where the analyte can 
react with a reagent to cause a color changa Each 
assay area also includes an inhibitor for the color- 
change reaction. The inhibitor concentration irx:reases 
In successive assay areas; thus, the number of areas 
that change color is a measure of the analyte ccnc^- 
tration. The test strip is particularly adapted for measur* 
ing glucose in a whole blood sample. In a prefen-ed 
emtxxJiment. the sample is guided to the assay areas 
along a path formed by crushing selected areas of a 
membrane, and the assay areas are uncrushed areas 
of the membrane. 
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Description 
, Background of Ihe Invention 

5 i.neWgfihelnventiQn 

This invention relates to a dry lesi strip for measuring ttie concentration of an anafyte In a iaiologica! fluid; mora par- 
ticularly, a test strip that measures Ihe corKentration directly, without the need for a meter. 

io 2. Description of tha Related Art 

Many visual test devices have t>een developed for measuririg the concentrafa'on of certain analytes in biological flu- 
ids. These devices have, for example, measured glucose, cholesterol, prolerrs, ketones, phenylalanine, or enzymes in 
t)lood. urine, or ^iiva. 

IS Dry phase reagent strips incorporating enzyme-based compositions are used extensively in clinical laboiatories. 
physician's offk;es, hospitals, and homes to test samples of biolo^'cal fluids for glucose concentration. In fact, reagent 
strips have become an everydc^ necessity for many of the nation's several millfon diathetics. Since diakdates can pause 
dangerous anomalies ki blood chemistry, it can contribute to visk)n loss, kidney failure, and other serkxjs medkal con- 
sequences. To minimize the risk of these consequences, most diabetics nnust teet themselves periodically, then adjust 

20 their glucose corx;entratk)n accordingly, for instance, through diet control and/or with insulin injections. Some patients 
must test th^'r blood glucose concentration as often as four times daily or mora 

It is especially important for diak^'cs who must control tha'r diet in order b> regulate sugar intake and/or adnrvnister 
Insulin injections, and who must be gukied in ths regard by frequent tests of blood glucose concentratkxi, to have rapid, 
inexpensive, and accurate reagent strips for glucose determination. 

25 Reagent strips are known that contain an indicator whkh turns a different shade of color, depending on the con- 
centration of glucose in a biological fluid tliat has been applied to the strip. Although some of these strips use reduction 
chemistries, more commonly they involve an oxkiizable dye or dye coupla Some of the strips Include an enzyme, such 
as glucose oxidase, which is capable of oxidising glucose to gluconic acid and hydrogen peroxide. They also contain 
an oxkfizable dye and a sufc>stance having peroxidative activity, which is capable of selectively catalyzing oxidatfon of 

30 the oxrcfizable dye in the presence of hydrogen peroxide. (See, for example, U.S.Pat. Na 5,306,623, issued April 26, 
1994.toKiS6r©tal.) 

U.S. f*at No. 3,964,871, issued June 22, 1976, to Hochslrasser, disdoses a disposahJe indrcator strip for directly 
measuring substances, such as glucose, in bfological fluids. The indicator registers the oory:enb'afa*on of the substance 
by including boHn an indicator reagent, which is oxkiized and changes color wtien it reacts with the sut)stance, and an 

35 "antagonist" that in some wa^ prevents the accumulatk>n of oxkized indicator until it has been completely consumed. 
Palmer et al. discfose a *Uigitar quantitative assay system for glucose and other analytes in European Patent Appli- 
cation PubHcation Na 0 317070, pii:>lished May 24. 1989 (see also U.S.Pat. No. 5,036^000. issued July 30,1991). That 
system measures the concentration of an organic compound in a biok>gk:al fluid by first oxidizing the compour^ with a 
sutjstrale-^ecific oxkiase enzyme to produce hydrogen peroxWe. The system includes a chromogen that is a reducfant 

40 of hydrogen peroxkle and an air-stat>le hydrogen peroxide reductarrt that has a larger r^uction potential. The larger 
r^uction potential delays any detectat^le color change by tiie chromogen until the air-stable first hydrogen peroxide 
reductant has been consumed. Thus no color change results if the hydrogen peroxide to be measured is less than a 
pre<letermined level corresponding to ttie concentration of the air-stable peroodde reductant As a result the system 
measures the concentration quantitatively, independent of cokx change intensity. 

4s Englemann, U.S. Pat. Na 4.738.823. issued April 19, 1 988. disdoses a test strip for analyte determination that has 
a support member, which has an at^orbent material positioned to remove excess sanple af^ied to the strip. The strip 
may also include a cover, which indudes an opening through which sample may be introduced. 

Burkhardt et al.. U.S. Pat. No. 4,810,470. issued March 7, 1989. disdose a device for measuring analyte concen- 
trations in liquid sanples. The device includes one or more bibulous matrices covered by a liquid impervious coating or 

so film. The sample is deposited on a portion of a bbulous matrix and is metered into the matrix chromatographically. By 
widdng action, the sample travels to an assay region that contains a test reagent for the analyte. 

Daffem et al., U& Pat No. 4.994,238, issued February 19, 1991, disdose a chemical analysis test device tiiat 
comprises an ab6orit)ent layer, a waterproof banrier layer, and a reagent layer ttiat has a determinate volume. The sam- 
ple is applied to the reagent l^r through aligned holes in the overlying absortjent and barrier layers. 

ss Whetiier the test is conducted in tiie home, ptiysician's ofTice, dinic or a hospital, accuracy and reproducibility of a 
glucose determination are extremely important In the case of a color-indicating reagent strp, it is desirable that the 
color change be pronounced and insensitive to variations in components of tiie biologica] fluid otiier than glucose. In 
tiie case of a visually-read reagem strip, it is especially important ttiat diathetics, who may have impaired vision, have a 
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strp that exhibits a significant color change dependent upon glucose concentration, although color change as exhibited 
by a change in absorbance at a given wavelength is also important for the accuracy of meter-read strips. 

. Since the colpr change in>^ves a series of chemical reactions, it doesnt happen instantaneously. Thus^ the user 
must wait a period of lime - typically a minute or less- lor the reactions to take placa When a meter reads the strp, timer 

5 circuitry can give a signal that indicates the reactions are conpleted. However, when a strip is read visually, without a 
meter, the user may underestimate the time needed, read the strip prematurely, and get an incorrect resuit. Alterna- 
tively, the user may feel the need to wait an excessive time t>efore reading the strip, to be sure the reaction is conrpleie. 
causing unnecessary delay and user dissatisfaction. There is thus a jieed for a "cherncal" timer; i.e., an element on the 
strp that will change color regardless of the concentration of glucose (or otfw artatyte of interest] in Ihe sample^, but will 

10 do so only after sufficient t'me has passed to compleld tiie color-forming reactions with the sannpla 

Summanr of invgnBon 



In accordance with ttie present invention, an elongated nrultilayer reagent test strip for measuring the concentration 
15 of analyte in a sanrple of biological fluid that is applied to the sirip comprises 

a) a bottom layer with a through hole for accepting the sample; ^ 

b) a membrane l^r, having a sample side lacing the bottom layer and a testing side opposite to it, and having 
an'ayed along its length a plurality of discrete bibulous assay areas^ separated tiy a non-bibulous region, the mem- 

20 brane containing a reagent tfiat can react with Ifie ar^dyte to produce a color change^ the reagent conprising 

i) a first component that interacts with the analyte to fonm hydrogen peroxide; 

ii) a second conrponent that interacts with the hydrogen peroxide to undergo a color change; and 
Hi) a tiiinj cornponent that inhibits the dhange in color of the second component; 

25 

c) an intermediate layer between the bottom and membrane layers; and 

d) metering means for distritjuting sample along the strip, the metering means comprising a fluid transport channel 
formed in the intermediate layer for guiding sample over the membrane surface to the bibulous assay areas; the 
inhiaitor corx:entration increasing in a predeternrvned way with distance from a first end of ttie strip, so that a corre- 

30 spondingiy increasing analyte concentration must be contained in a sample if it is to effect a color change. wheret>y 
one or more assay areas may change color when a sample is applied to the strp. and the color-changir^ area most 
distant from tfie fust end indicates Ihe analyte concentration in the sample. 

In opeiation. a metliod lor measuring the corx»ntralion of analyte in a sample of biological fluid, conprises the 
3S steps of: 



(a) applying tiie sample to a reagent lest strp that comprises: 

(i) a bottom layer with a through hole for accepting the sample. 

(ii) a membrane layer, having a sanple side ^dng the bottom layer and conrprising a plurality of t>it>ulous assay 
areas that each change color when contacted with fluid containing at least a predetermined amount of analyte, 
greater than the amount of analyte tfiat causes a change in color of the assay areas that are. closer to a first 
end of the strip and 

Oii) metering mearm for distrixJting the sample from the through hole along a predetermined non-bixious path 
to each of tiie assay areas and 

(b) determining tfie analyte concentration by observing the assay area that changes color and tfiat is most distant 
from the first end of the strip. 

so The strip is of ttie type that provides a visible indication of the concentration of an analyte that is contained in a t>io- 
logical fluid applied to a "sample side" of the strip. The visible indication appears on the opposite (or lestingT side of 
the strip. 

The chemical conposHion of the test strip depends, of course, on the analyta/biological fluid to be measured. Test 
strps can be designed to detect analytes such as glucose or other sugars, alcohol, cfidesterol, proteins, ketones, uric 
ss add. phenylalaninBi or enzymes in biological fluids such as blood, urine, and saliva, as well as water. For the sake of 
corvenience and brevity, the reagent test strips disdosed in the most detail in this specification detect glucose In Islood. 
A person of ordinary skill in the art could readily adapt tiie Intonmalion in this disctosure for detecting other analyte/bio- 
logical fluid corrtxnations. 
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A test strip of the present invention provides a relatively sinple and rapid deternnnation of glucose concentration in 
an unmeasured sample of Uood. The strp comprises a bottom layer wHh a hole tirough wfiich a sample may be intro- 
duced to the sample side of a porous matrix, wtxsse opposite side is the testing sida The matrix is generally a mem- 
brane and the two terms are used interchangeably in the present specificaSon and the appended dafrns. A testing 
5 reagent is applied to the matrix and, tp a greater or lesser extent, is impregnated within the pores of the matrix. For sim- 
plicity, we sometimes refer to the reagent on the matrix as a "coating", in this specification and in the appended claims, 
recognizing that the reagent coating penetrates the matrix. 

An intermediate layer lies between the bottom i^r and the matrix, in one embodiment, cutouts in tie intermediata 
layer a&gn with non-biHjlous areas of tie mentane to guide the 8ami)le to a series of bibiious assay areas tiat are 
10 ansyed along the strip. (As used In tils specffication and the appended daims. liiaulous'' is understood to mean 
absoribent.) A series of notches In the intermediate layer sun^ound tie space around and above tie assay areas to con- 
strain the flow of sanple to these areas. In another embodiment, an elongated, substantially rectangular slot in tie 
intermediate layer gudes the sample to a succession of bbulous areas tiat are separated by a non-blxilous region. 

A fixed volume of sample - typically whole tslood that Includes both red cells and glucose - is \hus directed to tie 
15 sample side of the menrixane at each of a series of assay areas. The porosity of the matrix permits fluid to pass from 
the sample side toward the testing side, fbr example by capillary action. Thus, the testing reagent can react with glucose 
in the blood to cause a color change on or near the testing side. Since ttie strongly-colored red cells can make it t^der 
to detect the color cfiange. the matrix is preferably arasotropic, with pore sizes graduated from large pores on the sam- 
ple side to smaller pores on the testing side, in order to trap red ceils away l^om the testing side. A variety of materials 
20 may be used for the various components of tie test strip and tmer of tNs inventioa Some of these materials are dis- 
closed in US. Pats. 5.306.623 and 5.418.142. issued April 26. 1994 and May 23. 1995. respectively, to Kiser et aL. and 
incorporated herein by referenca 

The testing reagent comprises a corrponent for converting glucose to hydrogen peroxide, such as glucose oxidase; 
one or more components for detecting the hydrogen peroxide produced from the glucose present In tiie sanpfe: and an 
25 inhibitor. The components fbr detecting hydrogen p^oxide may be a peroxidase, preferably horseradish peroxidase, 
together witii an Indicator" that changes color in the course of the reaction. The indicator may be an oddtzable dye or 
a dye coupl& The peroxidase catalyzes tie oxidation of the indicator in tie presence of hydrogen peroxide. Thelinal 
element of the reagent is an inhBsitor that retards the color-changing oxidation of the indicator. 

TTie strip is segmented along its length in such a way that adjacent membrane segments have different inhibitor 
30 concentrations. Each segment has a bSxilous assay area that only changes color if and when enough glucose is 
present to first cause all the inhibitor to bQ consumed and to then oxidize the indicator and ttieret>y cause the charac- 
teristic color change. Thus, a color change in a particular area evidences a threshold glucose concerrtrafion in the orig- 
inal tiloc6 sample. Along the strip, in a particular direction, each successive segment has a stepwise greater tnhSsHor 
concentration, which corresponds to a stepwise increase in threshold glucose concentration. The indicator concentra- 
35 tion is the same for all segments. In principle, other varying inhibitor/irxiicator tsalances are also possible. 

If tie segments have inhibitor concentrations in the appropriate range fbr a particular test sample, acfacent assay 
areas react with the analyte such that one area is colored and an adjacent one is not. That result indicates that the glu- 
cose concentration in tiie sample is at least equal to tie tireshold concentration required to change the odor of the one 
area, but not as great as that required to change the color of tie adjacent area. 
40 For blood glucose monitoring, an optional timer segment coating comprises the elements of the indicator strip - a 
porous matrix having a testing reagent coated on it - and. in addition, glucose. In the dry state, the reagent chemistry 
is not activated by tiie glucose, but when a sample is applied to the strp, the timer coating is hydrated and the glucose 
in tie coating, after a predetermined time; causes tie indicator to change odor. Preferat>ly glucose is present in tie 
timer in an amount well in excess of tfiat required to overcome the inhibitor. In that case, the time required is longer or 
45 shorter depending on whether nnore or less inhibitor is present. Color changes in the strip and in the timer can be 
observed either directly by tie ^e or witi an optical instrument that detects changes in ref lectanceL 

Prist Descfiptipn of ihfi Pr?wings 

60 Fig. 1 is a perspective view of the matrix of a direct-reading reagent test strip of ttie present invention. 

Fig. 2 is a cutaway bottom plan view of the sample side of a direct-reading reagent test strip of the present inven- 
tion. 

Fig. 3 is an enlarged fragmentary perspective view of the interior of tiie test strip of Fig. 2. partially cutaway 
Fig. 4 is a cross section of the strv> of Rg. 2 taken along line 4-4. 
55 Fig. 5 is a bottom plan view Of the test Strip Of Fig 2. 

Fig. 6 is a top ^an view, showing the testing side of the test strip of Fig. 5. 

Fig. 7 is tie stri> of Fig. 6 after a sample has been applied to it 

Fig. 8 is a cutaway perspective view of anotiier embodimem of the test strip of Fig. 2. 
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Rg. 9 18 a bottorn plan view of the test strip of Fig. 8. 

Pig. 10 18 a top plan view of the test 6tr^ of Fig. 8. 

Fig. 11 isacros8$ectionof thestrpof Fig. 10 taken along line 11-11. 

5 Petailed Pescrbtlon of the mygftion 

The present invention is a direct-reading reagent test strip for measuring concentration of an anatyte in a biok>gical 
fluid. The key element of such a test strip is a porous matrix that incorporates a testing reagent that undergoes a color 
change in response to the analyte in a biological fluid sanple that is applied to the strip. 
10 The matrix may be of a uniform composition or may t>e a coated substrate and may t>e either isotropic or aniso- 
tropic. It has a sample side, to which the sample is applied* and a testing side, where the color change is observed. 
Preferably, the matrix is an anisotropic membrane; more preferably, an anisotropic membrane having a broad range of 
pore sizes. For example, a gradient of pore sizes from about 0.1 micrometers to about 150 micrometers m^ extend 
through the membrane. On the large-pore side, pore size is preferably in the range from about 30 micron)eters to at3out 
15 40 micron^eters. On the side of the membrane where the pores are smallest the void volume is relatively small, and the 
material of the membrane Is generally quite dense, within a layer that can typically constitute up to 20% of the mem- 
brane's ihictaiess. Within this layer, pore size is preferably in the range from about 0.1 to atxHit 0.8 micrometers, with a 
nominal pore size preferably about 0.3 micrometers. When the biological fluid is applied to the sample side, the sample 
encounters increasingly smafler pores as it penetrates the memtxane. Eventually, solids such as red blood cells reach 
- 20 a position In the membrane where they can penetrate no further. The balance of the sample, stiO containing the dis- 
solved glucose, penetrates through to the testing side. Tlie anisotropic nature of the membrane and/or use of a sepa- 
rating competent {discussed below) permits relatively rapid flow rates through the membrane, even while filtration of 
the solids is taking place. 

As the sample passes through the matrix, reaction with the reagent causes a light-at)8orbing dye to k>e formed or 
25 decomposed in the void volume near the testing side, thereby substantially affecting reflectance from tiie matrix. 

Polysulfones and polyamides (nylons) are examples of suitable matrix materials. Other polymers having compara- 
ble properties may also be used. The polymers may t>e modfied to introduce other furx;tional 9t)ups which provide for 
charged structures^ so that the surfaces of the matrix may be neutr^. positive, or negativa 

A preferred method of preparing the porous material that fbnms the matrix is to cast the polymer without a support- 
90 ing cora Such a matrix is. for exanple. the anisotropic polysutfone membrane available from Memtec, Ina, Tlmonium, 
MD. A matrix of less than about 200 micrometers thickness is usually employed, with about 115 to 155 micrometers 
"being prefen-ed. A thickness of about 130 to 1 40 micrometers is most preferred, particularly when the matrix is nylon or 
anisotropk: polysiifbne. 

The mennbrane may t>e treated wHh testirig reagent Ijy d'pping it into an admixture of the components, thereby sat- 

35 urating the membrane. Preferably, at least some of the components are applied to the membrane sequentially. Excess 
reagent may t» removed t3y mechanical means such as, for example, an air knife, doctor k>lade. or glass rod. The mem- 
brane is then dried. Reagent lends to concentrate near the small-pore (testing) side of the membrana 

The testing reagent comprises (i) a component for converting glucose to hydrogen peroxide, (ii) a component for 
detecting hydrogen peroxide, and (Hi) a component for inhi3(ting the component that detects the fiydrogen peroxide. The 

<o reagent may optionally further comprise a separating component which causes solkfe, such as red blood cells, 1o 
^ become entrapped in the matrix effectively removing the ^lids from the biological fluid. Additional components may 
also be included as described hereink^elow arvi in the Examples. 

Preferred components for converting glucose to hydrogen peroxide include glucose oxidase, an enzyme that is 
usually obtained from Aspergillus niger or Penk^tllium. Glucose oxidase reacts with glucose emd oxygen to produce glu- 

46 condactone and hydrogen peroxide. Optimum glucose oxidase concentration depends on the composition of the indi- 
cator system. Fbr example, if the Indicator system is MBTHSB-ANS (which is described betow). then glucose oxidase 
in the range from about 500-10,000 U7mL is suitable, more preferably from about 700-2000 UimL, and rnost preferably 
atxiut 1 000 uymL Generally, higher concentratkMis of glucose oxidase cause the reaction to proceed more rapidly and 
lower concentrations, less rapidly. 

so The hydrogen peroxide so produced reacts with the conponent for detecting hydrogen pa'o^dde. which comprises 
a peroxkiase that selectively catalyzes a reaction between the hydrogen peroxide and an indicator. The peroxkiase 
uses hydrogen peroxide as an oxkiant whch is capable of removing hydrogen atoms from var kxis sut)strates. A suitable 
peroxkiase noay contain ferriprotoporphyrin. a red X\min obtained from plants. Peroxkteises obtained ftam artimals. for 
example from the thyrokf glands of animals, are also suitable. Horseradish peroxkiase (HRPO) is especially preferred 

56 as a constituent of the componertt lor detecting hydrogen peroMda 

The hydrogen peroxkle. preferably catalyzed by a peroxkiase, reacts ettfier directfy or indirectly to form or decom- 
pose an indicator dye ttiat at)sort>8 light in a predetermined vvavelength range. Prefa^y. the indicator dye absort^s 
strongly at a wavelength different from tiiat at which the testing reagent at)sort)s Btrongly. The oxidized form of the indi- 
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catDr may be the colored, liaintly-oolored, or coloriess linal product that evidences a change in color of the testing side 
of the matrix. That is to say. the testing reagent can indicate the presence of analyte in a sample by a colored area being 
bleached or. alternativGly. by a colorless area developing color. 

Indicators that are useful in the present invention include (a) 3-nfiethyi-2>ben2othiazolirx)ne hydrazona hydrocHo- 

5 ride (MBTI-I) combined with 3-dimethylaminobenzoic acid (DMAB): (b) MBTH combined with S.S-dichloro-a-hydrQxy- 
tjenzene-suHbnic acid (DCHBS); (c) 4-aminoant wrene (4-AAP) and 5-oxo-l -(p*suIfb(^enyO-2*pyrazoline^3-cartxsxyliQ 
acid (OPSP): (d) 4-AAP and N-(m-tolyl}-di6thanolamine (NDA); (ej 2.2*-azino<li (S-ethylbenzthiazofineJ isulfonlc acid 
(ABTS); (f) 4AAP and 4-methp3^aphthol; (g) pyrogallol red (PGR); Qi) bromof^rogaliol red (BPR); CD Add Qreen 25 
(AG); or Q) [3-m6thyl-2^benzothiazDlinone hydrazone) N-sulfonyl benzehesulfbnate monosodium (MBTHSB). connbined 

10 with 8-aniIino-1-naphthaIene sulfonic acid ammonium (ANS). MBTHSB-ANS is preferred. Additional information 
regarding MBTHSB-ANS appears in Pat 5,563,031, issued October 8, 1996, and incorporated herein by refer- 
ence. 

The inhibiting component retards the reaction between the hydrogen peroxide and the irxJicator, for example by 
reducing the hydrogen peroxide or by reducing the oxidiz&j indicator. In prindple there are several different modes of 
IS operation for an inhSbitor. First, tfie inhibitoi: could compete with the irxiicator and thereby slow the rate at which the color 
change takes place In the indicator. Second, the inhibitor could be rxsn-competitive, so that sutsstanfially all the inhibitor 
is consumed before any substantial color change takes place In the indicator. Other nrxxjes of inhibitor operatiqn are 
also possible. Preferably. Inhibitors of the present invention are non-competitive. 

Among the range of suitable inhibitors are 2, 3. 4-trihydmxybenzoic add; propyl gailate; 3. 4 dihydroxy cinnamic 

20 acid; 3,4 dihydroxy benzaldehyde; galfic acid; 5, (S^aminouradl; ascoitstc add; and isoascorbic acid. Ascorbic acid is 
pr^en'ed; however, ascortxc add oxidizes in solution and nfU£t be stabilized in order to penmit the reagent to be coatoJ. 
Preferred stat^ilizers are primary alcohols, such as ethyl, methiyl. or propyl alcohol. Ethyl alcohol is preferred, particularly 
concentrated solutions; i.e.. solutions of 50% or more ethanol. 

Although the anisotropic membrane that is the preferred matrix filters out red blood cells and holds them away from 

25 the testing side, optionally the testing reagent may also contain a separating component. The separating component 
should be capable of producing a relatively dear cofoiless tluid from fluid containing red blood ceOs, e.g., whole blood, 
by sequestering red blood cells in the matrix. Separating components for use in the instant invention indude but are not 
limited to polyethylene glycol, pdy (methylvinyl etherAnaleic) anhydride, pdypropyiehe glycol, pol^tyrene sulfonic add. 
polyacrylic acid, polyvinyl alcohd. arxJ polyvinyl sulfonic add at a pH of between about 4.0-8.0. Such separating com- 

30 ponents are present in the matrix in amounts that will vary depending upon their charge and molecular weight, the other 
components imbedded in the matrix, the matrix pH and pore size, and the residual moisture of the matrix after drying. 
Such parameters are readily determinable by one stalls in the art For exanple. when polypropylene glycol is 
enployed as the separating component (e.g., PPG-410 from BASF. Wyandotte. Ml), it is preferably present at about 2- 
30% weight to volume (wA^), and more preferataly 8-10% w/v. Other separating components can also be enjoyed in a 

35 concentration of about 2-30% wiV. The polymeric separating components may be impregnated or imbedded in the 
matrix or cast 'm the membrane during manufacture. 

Some water soluble salts can also effect blood separation. Among saHs suitai^le for separating blood components 
are citrates, fornriates. and sulfates, as well as certain acids, such as amino adds, citric add. phytic acid, and malic add. 
(See, e.g., US. Pat. 3,552.928. issued January 5. 1971 , to M.C. Fetter.) An advantage of induding the separating com- 

40 ponent is that with sdids such as red blood cells substantially removed from the biological fluid, there is less back- 
ground cdor at the lest site to obscure a change in coloration produced t>y the testing reagent. 

Other components may be imbedded into the matrix to enhance the coloration and readability of the reagent sfaips 
and to preserve ttie uniformity and integrity of the matrix. For example, the testing reage^ may irtdude salts and/or buff- 
ers to aid in the separation of the dye In the matrix. Such buffers may contain for example, citrate, present in solution at 

45 from about 0.01M to about 1 .0 M. and preferably at about 0.1M. Other buffers may also be employed. 

Conpounds that niake the matrix hydrophilic or conpounds that can act as stabilizers, such as hydrdyzed pro- 
teins, may also be employed. Such compounds irKlude but are not limited to for example bovine serum albumin, 
polypeptides and the low rrrolecular weight protein available as Crotein SPA (GRODA. Ir>c. New York. N. Y). Such com- 
pounds are used at concentrations of for example about 1 mg/mLto about 100 mg/mL In the case of Cretan, about 30 

so mg/mL is preferred. 

Other stabilizers and preservatives may also be induded in the coating for the matrix. For example ethylene 
diamine tetraacetic add (EDTA), diethylene Iriamine pentaacetic add (OTM) and related compounds may be 
employed, for exanple. at concentrations of about 0.01 mg/mL to about 10 mg^mL Among the purposes of the preserv- 
atives is to help to stabilize the inhbitor. 
55 Some of the indicators (e.g., BPR) have an undesirable terxlency to rnlgrate in the matrix. When such an indicator 
is used, an ton pairing agent is included to prevent such migration. For example, the polyetfiylene giycd derivatives 
commerdally available as Pdyquart (H) (Henkd. Inc.. Amtsier. PA^ are particularly useful for tiieir ability to fedlitate ion 
pairing between the indicator and other matrix substituents. 
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When Ihe presence of an analyte is indicated cola formation (e^. MBTH8B-ANS). surfactants may be added 
to brighten the color and enhance the contrast with the uncolored surround. 

Organic solvents may also be employed in the practice of this invention and may be included in the formulation of 
the testing reagent for the matrix, provided, of course; that they are compatible with the matrix and testing reagent com- 
5 positions. Potentially suitable organic solvents include chloroform, acetone, alcohols, methylene chloride, diethyl and 
petroleum ethers, acetonitriles. and mixtures thereof. In the practice of the present invention. 70% ethanol in water is 
particularly preferred. 

The testing reagent that is coated on or impregnated into the matrbc is npt uniform over the surface of the test strip. 
Instead, the reagent is preferably appned to the matrix in a series of paranel stripes, or Isegments. ' that extend aaoss 
10 the nanrow dimension of the strip. The composition in adjoining segments increases, stepwise, in inhibitor concentra- 
tion. Each segment has a bibulous assey area. It is in the assay areas that the testing reagent reacts with any glucose 
in the blood to cause a color change, provided that tiie glucose concentration is large enough to overcome ihe inhibitor 
level in that assay area. Thus, each succeeding assay area requires, stepwise, a greater glucose concentration in the 
sample to causa the area to dhsnqQ color. 
15 Optionally, one of the assay areas is adapted to serve as a timer, to irvlicate tiiat erxxjgh time has elapsed for the 
reagent to react with the glucose on each of the ass^ areas. The timer segment of the matrix is coated or impregnated 
with a composition tiiat consists of the testing reagent and, in addition, glucose. Since the testing reagent's purpose is 
to change color in response to glucose, conrisining the two without causing the color change requves some cara An 
amount of inhibitor beyond VnsA required for the timing function nust be present to compensate fOr this effiecL The rale 
20 at which the timer segment is dried, after the glucose containing solution is applied. Is controlled. In practice, the mem- 
bran© is first coated with a solution containing buffers, stabilizers, and enrymes. and that coating is dried to form a first 
layer TTien, a second coating pass applies a solution containing indicator, inhibitor, and glucose. Parameters such as 
web speed, oven temperature and airflow, and quantity of coaling solutions deposited will have been fixed beforehand 
and appropriate adjustments made to the inhft>itor andtor glucose concentrations. Instead of applying the second ooat- 
25 ing directly, an alternative, less prefenred. involves making the second coating on a separate web and then placing it 
over the first layer. 

When a sample is appfied to tiie strip, hydration of the timer segment composition pemruts the color-forming reac- 
tion 10 proceed. The time it takes far the timer segment to change color is then determined by the temperature and tjy 
characteristics of the testing reagent* particularly tiie inhibitor corKentration. tiie amount of glucose, and the hydration 
30 and oxygen diffusion rates. 

The timer color-change time can be made to depend on the glucose concentration m the sample or. altematively. 
to be independent of that concentration. By incorporating a great excess of glucose in ttie tim^. the time is sUiStantially 
independent of the sample's glucose concentratioa By incorporating less glucose in the timer, the time may be made 
to depend on the glucose in the sample; i.e.. the timer will change color faster if glucose concentration in tiie sample is 
35 greater. Preferably, the glucose concentration in the timer is greater than akx)ut 1500 mgftlU which malces the timer sub- 
stantially independent of tiie sample glucose concentration in the range from atXMJt 40-400 mg/dL TTie timer.segment 
composition includes access amounts of the component (such as glucose oxidase) that converts glucose to h^rogen 
peroxide and of glucose. The timer composHion should ttien indude at least as much, or more, inhibitor tiian does the 
/ • result segment that has the highest inhibitor concentration (which corresporxis to the highest glucose reading). 

4o The timer also serves an important quality-control function, by making it apparent when a test strp has been com- 
promised by exposure to moisture. The test strip nxist remain dry until the time it is to be used, because components 
that convert glucose to hydrogen peroxide (generally enaymes) tend to degrade on exposure to moisture. Thus, the 
sff^ is prematurely exposed to moisture, it will become compromised But the impaimfient of tiie test strip is not apparent 
to a user, who may, therefore, use such a strip arid get an en-oneous result However, if tiie strip includes a timer seg- 
4s ment. exposure to nrtoisture causes the timer to change color, which alerts the user to the fact tiiat tlie str|> has been 
corrpromtsed and shouki vtit be used. 

Addhwnal information concerning the timer appears in EP-97306765.5 

In addition to the reagent-containing n^trix, the strip of the present invention irxdudes a bottom layer that si^Jports 
the matrix. The IxTttom layer is preferably a tiiemnoplastic sheet, more preferably a polyester, generally about 0.05O.2 
60 mm thicK and has a hole tiirough which sample may be appfied to the sample side of the matrix l=rom the sample hole 
the Wood sample is distributed along the lengtfi of the matrix. H the bottom layer is generaBy opaque, then one or more 
transparent window sections may be located an appropriate distance finom the sanple hole, the appearance of sample 
in the window(s) confirming ttiat adequate sample has been applied to the 8trt>. 

Distrbuting the blood from the sample hole to the assay areas involves an Intermediale layer tiiat lies betwe«i the 
Bs bottom layer and ttie membrane and. optionally, is adheraJ to both of tiiem. The intermediate layer is preferably a tiier- 
moplastic sheet; more preferably a polyester, generally about 0.05-0.2 mm thk^. In one embodiment, cutouts in the 
intermediate layer guide tiie sample down ttie length of the strip along non-bibulous paths on the membrane and direct 
the san^e to each of tiie assay areas. Notches in the imermediate layer align with the assay areas, so that each assay 
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area is substantiaily surrounded by the walls of the intennediate layer. In another entedlment. the intermediate layer 
has an elongated, substantially rectangular slot that guides the sample across the membrane strface to the assay 
areas. Slot width is generally in the range between about 0.5 and 3 mm. 

A pr^erred structure for the non-bibulous paths on the membrane is fonned by collapsing the membrane pore 

5 structure That can be accomplished by healing, either directly or by using a laser or uHrasound. and preferably indud- 
ing pressura However, the prefen-ed method is crushing. Thus, the membrane is crushed to make it non-bibufous (but 
still hydrophilic} everywhere, except for the assay areas. In one embodiment of the invention, the n^embrane is crushed 
between flat plates, with a die preventing the assay areas from being crushed. Pressures of at least about 6 tons/in^ 
(80.000 kPa) are prefenred. Optionally, the plates may be heated to at feast about 1 lO'^CX Tlie preferred pressures and 

10 temperatures depend, off course, on the crush mechanism and dwell b'me^ as well as the membrane parameters. Opti- 
nujm values can be determined by routine esqTerimentatibn The embodiment m which the membrane is aushed in this 
manner yields assay areas ttiat extend toward the bottom layer and Is used with the notched intermedlata layer, as dis- 
cussed below. 

f=or precise measurements, the volume of tHood provided to each assay area is preferably reproducible. If the 

IS notches entirely encircled the assay areas, then, assuming a liquid-tight seal between the intermediate layer and both 
the bottom layer and the crushed membrane, each assay area would be assodated with a closed (cylindrical) volume 
whose walls are tbrmed by the Intermediate layer and whose ends are formed by the membrane and bottom layers. 
However, a distribution channel runs along tie strp and feeds sample to each of the assay areas; Pr^erably, the bottom 
layer has vent holes in aQgnment wHh the assay areas to fadlHate filfing the channel and assay areas uniformly. High 

so precision requires that the distribution channel provide a fixed volume of sample to each assay area but then provide 
no more, at least not in the time frame of the measurement - about 1 or 2 minutes, starting atxxit SO seconds after blood 
Is applied. Since the initial sample volume is variable, ttiere is preferably an absorbertt layer at each end of the mem- 
brane to carry off excess sample from the ends of the distribution channel. Absorbent layers at the ends of the channel 
also enhance wicking of the sample along the \&ngfth of the strip. ^Jonwoven fotxics. well known in the art form the pre- 

25 fenced absorbent layers. 

In another embodiment of the invention, the menr^rane and cover sheet are pressed between rollers. The cover 
sheet has holes position^ to accommodate the assay areas, and these areas then extend into those fides, remaining 
uncrushed. For this enrixxliment, no die is needed, arxi crushing is preferably accomplished by rollers, with an applied 
force of at least about 1000 lb~ (4.4S0 N)^^lote'that the assay areas in this errdxdin^^ 

30 from those in the emixxiiment described alwa Since sample is drawn toward the upp©- layer, open to the outade, no 
vent holes are used In the tx>ttom layer. This emtxxJiment is used with the intermediate l^er that has a substantially 
rectangular slot to guide the sample to the assay areas. Since tiat embodiment has a sample hole locate near the erxt 
of the strp that has the 'liigh-glucose " assay areas, only a single absorbent layer, near tiie opposite end of the sltrp, is 
used. 

35 The color change caused by glucose In ttie test sample appears, on the testing side of the membrana In the 
entediment in which the assay areas extend toward the bottom layer, it is convenient to overlay the testing skle of the 
membrane with an ipper layer that has holes which align with the assay areas. The holes make the color changes vis- 
itde and ateo permit oxygen to reach tiie reaction sites. When tfie assay areas extend in the opposite direction, the holes 
in tiie upper layer define the assay areas during the crushing process, as was described above. In both cases, the upper 

40 layer is preferably a themnoplastic sheet more preferably a polyester, generally about 0.05-0.2 mm thick. The upper 
layer may be attached to the nr^mbrane, for example, with an adhesive. Any adhesive is preferably limited to non-bibu- 
lous areas of the membrane, if it wouki interfere with the glucose-measuring reactions. However, if the adhesive doesnt 
interfere wfth tfie reactions, Hs placement is less critical. 

Since the assay areas, when they contain the preferred reagent sbwiy undergo a color change when exposed to 

45 Gght or oxygen and since the optional timer is sensitive to moisture, strips are preferably packaged in an opaque oxy- 
gen- and rnoisture-inrpernieable enclosure, such as a sealed foil, wrap. If strips are individually packaged, the strip may 
remain in the peeled-open wrap during use. 

The invention v^'ll now be described further with reference to the Rgures. Fig. 1 shows a matrix 10 of the present 
irwention, for measuring the amount of analyte in a biotogical fluid. Afthough shown in an arched position, matrix 10 is 

60 ^ flexible and is generally in a flat plane wh&i used. The matrix includes a sample side 12. to which ttie k>iological fluid 
sample is applied, and a testing side 1 4, on or near which a change in color indicates the presence of the arialyte. The 
cofor change results from the interaction of the analyte with reagent impregnated in pores 1 6. Preferably, for measuring 
the concentration of glucose in blood, pore sizes are relatively large near sample skie 1 2 and decrease in size as testing 
sk:le 14 is approached. The pore size gradient serves to trap red blood cells near sample side 12, so that their color 

55 does not interfere with the atxiity to see the cofor cfiange ttiat Indicates the presence of tiie analyte. 

Three parallel segments, a. b, and c are shiown schematically. Each succeeding segment has stepwise nrxxe tnNb- 
ttor ttian the one before. In a preferred embodiment after reagent has t>een applied to the membrane in parallel seg- 
mems, as shown, the membrane is crushed everywhere bui in the assay areas, where tiie analyte-reagent reactions 
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lake place. One embodiment of a pattern of bixilous assay areas - a single area located In each of the parallel seg- 
ments * and non^*bulous crushed areas is depicted in the plan view of Rg. 2 and the enlarged fiagmentary perspeolive 
view of Pig. 3. 

Rg. 2 is a bdttom plan view, in partial cutaway, of the sample side 1 2 of membrane 1 0 and absorbent layeis 20 and 
5 22. overlaid with intermediate layer 24 and t»ottom layer 26. Membrane 10 and absorbent l^ere 20 and 22 are prefer- 
ably supported by a top layer, hot shown. Absori^ent layers 20 and 22 are prefBiaUy located at the ends of the mem- 
brane (beyond dashed lines A and B] to absorb k^lood sample that Is in excess of the volume needed for the 
measurement That volume must be sufficient to provide sample to each of the assay areas and, if present, the timer 
. area as weD. In general, a str'p tfiat has fewer assay areas doesnl require as much sample, but provides a smaller 
10 range of glucose values and/or less predsioa Rg. 2 shows 9 bibulous areas, representing 8 assay areas (numbered 
1-8) and a t'mer (T). which provides adequate range and precision wfiile not requning unaoceptably large sample 
ume. Intermediate layer 24 has a notch 28. which aligns wHh sample hole 30 In bottorri layer 26. Sample is introduced 
through sample hole 30 and Is directed by capillary action along central cfiannel 32 of intermediate layer 24 to each of 
the assay areas and the timing area, any excess sample being absort^ed in ab&oft>ent layers 20 and 22. The appear- 
15 ance of sample thixxjgh optional clear windows 34 and 35 confirms that sufficient sample has been provided for meas- 
urement. Preferably, intermediate layer 24 fbmis a seal with sample side 12 of ttie membrane, so that sample cannot, 
for example, flow directly between adjoining assay areas. 

Rg. 3 is an enlarged fragmentary perspective view, depicting parts of 3 assay areas. 6, 7, and 8, seen through bot- 



tom layer 26, and separated by fingers of intermediate layer 24. Optional adhesive layers 24a join intermediate layer 24 



' 20 to bottom layer 26 and membrane 1 0. Vent holes 40 in layer 26 facintate sample flow Into the slrp. Holesi such as 38, 
in top layer 36 line up with the bibulous areas, making visible any color change in tie bbulous area and also admitting 
oxygen needed for the color-changing reaction. Optional adhesive layer 36a Joins top layer 36 to the testing side of 
memtyane 10. 

Rg. 4 is a cross section taken along line 4-4 of Fig. 2, which shows top layer 36. in addition to the layers ^x>wn in 
25 Fig. 2. Vent holes in bottom layer 26, such as 40, line up with the assay and timer areas arxJ lacilitate sample filling the 
volume surrounding each of those areas. The volumes to be filed are bounded by memtyane 1 0, intermediate layer 24 
and bottom l^r 26. Note tfiat columnar assay area 3 extends toward bottom layer 26. and the minimum separation 
between the assay area and bottom layer is typically only about 12 miaometers. The separation is shown larger than 
to scale lor danty. 

so Rg. 5 is a bottom plan view of a str'p of the present invention, showing sample fx^e 30 and the graphics that direct 
the user to introduce the sample through that hola Whan sample is seen through dear wirxfows 34 and 35. it oonlirms 
that adequate sarrple has been applied to the strip. 

Rg. 6 is a plan view of top layer 36 of a stnp that has been calibrated to assodate assay areas with glucose con- 
centration. 

3s Rg. 7 shows the strip of Rg. 6 after a blood sample has been applied to opening 30 (Fig. 2). the sample has spread 
along central channel 32. and glucose in the san^sle has reacted with the reagent in the assay areas. Since the bottom 
assay area has tfie least inhibitor, that area will have changed color first Thereafter, the second and then thelNrd area 
changed odor. The tpper circles did not change color, because there was too fittle glucose in the sample. Since enough 
time has elapsed for timer area 42 to cfiange color, the strip can be read. Thus, the result depicted in Rg. 7 indicates 



to that the sample glucose concentration is at least 120 mg/dl^ but less than 150 mg/dL The reading can be taken at any 
time after timer area 42 changes color. Note that in Rg. 7 the cdor change caus«l by the reaction with glucose is from 
white to colored. However, the system could alternatively operate with an irxiicator dye tfiat is destroyed by the glucose- 
induced oxidation, with a corresponding color change from cdored to whita 

Rg. 8 is a cutaway perspective view of arxTtfier embodiment of the strip of this invention. Bottom layer 1 26 has sam- 
4s pie hole 130 for rntrodudng the blood sanripl& Unlike the embodiment of Rg. 2, where sample hole 30 is located near 
the middle (end-to^nd) of the strip, sample hole 1 30 is preferably tocated near the end of the strip that has assay areas 
to irxficate a high glucose concentratron, as well as the optkxiat timer. Positioning the sample hole at that end provides 
two advantages. Rrst the time needed for tfie glucose measurement is reduced k>y the reduced time for blood to reach 
the 'tiigh-glucose" assay areas (whrch take the longest to respond). Second, timer variabirrty is reduced, because tiie 
60 sanple is essentially applied directly to tiie timer, eliminating variability in time for dood to reach the timer. Intermediate 
l^r 124 has an elongated stot 132 that am the length of the strp from a cutout tfiat generally con-esponds to, and is 
in alignment with, sample hde 130. The slot channels the Wood sample along the length of the strip, over membrane 
110. toward absorbent layer 120. As the 6an|3le passes over membrane 1 10. part ol it Is deposited in the timer T and 
in each of the eight assay areas (numbered 101-1 08). The timer and assay areas are each viewed through con-espond- 
6s ing holes in top layer 136 tfiat are aligned witti ihem. Appearance of blood through dear window 135 confirms that suf- 
fk:ient sample has been provided for measurement. 

Rg. 9 is a bottom plan view of ttie strip of Rg. 8. in which the graphics (such as depicted in Rg. 5) tfiat direct tiie 
user to introduce the sample through hde 130 in tiie bottom layer (and co-aligned hole 128 In tiie intermediate layer) 
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have been omitted. 

Fig. 1 0 is a plan view of top layer 1 36 that shovvs the timer graphics, as well as the calisration of the assay areas. 

Fig. 11 is a cross section taken along line 1 1 -1 1 of Fig. 1 0, which shows lop layer 136. membrane 110, intermediate 
layer 124 and txjttom layer 126. The arrow tilustrates the direction of sample introduction into hole 130. in bottom layer 
126. and co-aligned hde 128. in intermediate layer 124. Note that columnar timer area T extends upward toward, and 
preferably into, con-esponding hole 1 38, which is afigned wHh timer T and is one of the nine hdes in top layer 136 that 
are aligned with the correspomfing timer and assay areas. 

For a better understanding of the present invention, the following Examples further illustrate various embodiments 
of the invention. The Examples are not intended to be in any way Hmiting. 

EXAMPLE 1 - BPR INDICATOR 

The following solution was prepared: 



IS 



20 



25 



30 



3B 





Enzyme Solution 


Distilled Water 


83.5 g 


0.2M Aconltic Add 


27.0 g 


1%(wAv)EDTANa2 


23.8 g 


Qlucose Oxidase 


165,000 U 


Aconitic Acid 


6.0 g 


HRPO 


340.000 U 


NaOH (solid) 


2.2 g 






Crotein SPA 


4.2 g 






Imidazole 


0.6 g 






Mannitol 


3.0 g 






5%(w/w}Surfactol Q1 


3.0 g 






Adjust pH to 4.80 








Ethyl Alcohol 


40.0 g 






PPQ-410 


5.6 g 






Enzyme Solution 


28.0 g 







Memtec BTSH 55 meni)rane was immersion coated in this solution and the excess doctored oft with glass rods. The 
coated membrane was dried in a flotation dryer at 180F under moderate airflows so that the web was substantially dry 
within 20 seconds. The web was spooled in preparation for the second coating, described below. 
40 The fdlowingsdutions were prepared: 



so 



65 
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Ascorbafe (inhibHor) stock solution 


Diluent 


Distilled Water 


1909 


370 g 


1% EDTA hJaz 


55g 


107 g 


BPR 


0.36 g 


0.71 g 


PolyQuart® H 


6g 


11.8g 


PPQ-410 


^4J2Q 


27.8 g 


AscortM'c Add 


137 g 




Ethyl Alcohol 


243 g 


477 g 


Timer Solution 






Diluent (per above fornnula) 


120 g 




Asoorbic Acid^ 


0.885 g 


Glucose Solution" 


17,25 g 



* TheGlucose Solution is a 16 0 gML solUion oi glucose 
in wcrter allowed to mutaratate far 24 hoirs, stared refrig- 
erated. 



The lollovving dilutions of the stock solution were made: 
0.0405:1, 0.108:1, 0.236:1, 0.369:1. 0.569:1, 1.260:1. This stepwise Increase in inhibitor concentration corresponds to 
the stepwise-greater glucose concentiation that the assay areas report These solutions, alor>g with the timer solution, 
were coated sid&by-side onto the large<pore side of the enzymeHoaded membrane so as to deposit approximately 1 .2 
X 10~^ mL per square millimeter ofmembrana The membrane was wet approximatel/ fifteen seconds l?e1ore experienc- 
ing the same drying condillons as descrSaed above for the enzyme coating step. Results showed the timer reacting in 
about 70 seconds with atxxjt 95% of results falling t>etween 64 and 79 seconds^ 

EXAMPLE 2 - MBTHSB-ANS INDICATOR 

The following solution was prepared: 



45 



SO 



HPLC water 


1500 mL 


Citric Add 


16.92 g 


Sodium Citrate 


20.88 g 


Mannitot 


15 g 


Disodlum EDTA 


1.26 g 


GantrezS95 


a75g 


CroteinSPA 


36g 


Glucose Oxidase 


1.69 MU 


HRPO 


1.5 MU 


Cartx)pol 910* 


75 mL 


Disodium Citrate** 


225 mL 



'11% solution in Acetonilrile 
•CIM. pH54) 



11 



EPp00852336 [http://vww.ge tthepatent.com/Loqin.dog/$exam.suppoft/Fetch/EP000852336xpc? f^^ 



Page 12 of 25 



EP0 852 336A1 

Memtec BT8 35 membrane was coated in a trough go that the largeisored surface contacted the coating solution; 
excess solution %was removed with glass rods as befora The membrane was dried and spooled as in Example 1 . 
The following solutions were made: 



10 



15 



20 



Solution A (Indicatoi) 


Solution B (Wetting AgenQ 


70% (vAO Ethanol 


2819 mL 


Maphos^eoA 


41 g 


MBTHSB 


2.98 g 


70% (vAfJ Ethanol 


205 mL 


(NH4) ANS 


25.83 g 






Solutions 


205 mL 






2%DTPA 


51 ^mL 






Solution C (Asoorbate Stod^ 


Solution D (Timei) 


Water 


115mL 


Water 53 mL 




Ascortsic Add 


4.58 g 


Ascorbic Acid 


8.75 g 


Ethanol 


267 mL 


Ethanol 


123 mL 






Bring volume to 1 75 mL writh 70% EtOH 






Glucose SduHon 


40.5 mL 



25 



30 



3S 



For each inhibitor solution, the volume of Solution A was fixed at 263 mL For the various assay areas, the ratio of 70% 
EtOH:Solution C was varied from 5a9 to 0.200 so that the volume of 70% EtOH + Solution G added to Solution A was 
87.5 mL for aU inhibitor solutions. This effectively altered only the concentration of inhibitor in each solution. The sdu- 
tions containing the stepwfse-lncreasing inhiaitor concentration and the timer solution (Solution D) were coated side-by- 
side onto the large-pore side of the membrana Deposition rate was adjusted to achieve *-8 X mL of inhMor per 
square millimeter of membrane. The nDembrane was cbried as al30ve. except that the delay between coating and drying 
was about 1.6 minutes. Resufts showed the timer reacting in at)out 60 seconds with little effect from blood hematocrit 
from 30 to 55% or glucose from 78 to 420 mgML. 

It w9i be understood by those skilled in the art that the foregoing description and Examples are illustrative of prac- 
ticing the present Invention but are in no way limiting. Variations of the detail presented herein may be made without 
departing from the scope and spirit of the present invention. 
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Claims 

1 . An elongated multilayer reagent test strip lor measuring the concentration of analyte in a sample of biological fluid 
that IS applied to the strip, comprising 

a) a bottom layer with a ttrough hole lor aoceptirtg the sample: 

b) a membrane layer, having a sample side lacing the bottom layer and a testing side opposite to it, and having 
anayed along its length a plurality of discrete bibulous assay areas, separated tsy a non-bibulous region, the 
membrane containing a reagent that can react with the analyte to produce a color change, the reagent com- 
prising 



c 



i) a first component that interacts with the analyte to form hydrogen peroxide; 

ii) a second component Itial internets with the hydrogen peroxide to undergo a color change; and 

iii) a third component that inhibits the change in color of the second component; 



c) an intermediate le^r between the bottom and merYt)rane layers: and 

d) metering means for distributing sample along the strip, the metering means comprising a fluid transport 
ss channel formed in the intermediate layer for guiding sample over the membrane surface to the bbulous assay 

areas; 

the inhbitor concentration increasing in a predetermined way with d'^nce from a first end of the strip, so that 
a correspondingly increasing analyte concentration must be contained in a sample if it is to effect a color 
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change, whereby one or more assay areas may change color when a sample is applied to the strip, and the 
color-changing area nrx^st distant from the first end indicates the analyte concentration in the sample. 

2. The strip of claim 1 in which the analyte is glucosa 

5 

3. The strip of daim 1 in which the isiological fluid is blood. 

4. The strip of daim 1 in wHch the bottom l^er comprises a thermoplastic sheet 

10 5. The strip of daim 4 in wNdi the bottom layer comprises polyj9Ster. 

6. ITie strip of daim 1 in which the bottom layer further comprises a plurality of through holes in alignnnent wHh the 
assay areas. 

15 7. The strip of daim 1 in which the bottom layer has a transparent section located a predetermined distance from the 
sample-accepting hole to ensure adequate sanple dza 

a. The strp of daim 1 in which the membrane layer comprises an anisotropic porous membrane having pores that are 
1^ larger near the sample side and smaller near the testing sida 



c 



20 



25 



9. The strip of daim 8 in wNch the biological fluid is whole blood that contains red Uood cells. 

1 a The strp of daim 9 in which the pore sizes are selected so that the red blood cells of the whole blood sample are 
trapped in the membrane. 



1 1 . The strip of daim 8 in which the membrane comprises polysuHone. 

12. The strip of daim 1 in wfiich the fluid transfer channel is substantially rectangUar. 

30 13. The strip of daim 1 in wNch the first component comprises glucose coddasa 

1 4. The strp of claim 1 in which the second component comprises a peroxidase arvi an indicator dye or dye couple that 
changes color when it is oxidized. 

3s 15. The strip of daim 1 4 in which the peroxidase is horseradish per<»ridase. 

16. The strip of claim 14 in which the indicator dye or dye couple is [3-methyl-2-ben2othia2olinone hydrazone) N-suHo- 
nyl benzenesuHonate monosodium combined with S^anilino-l -naphthalene sulfonic acid ammonium (MBTHSB- 
ANS). 

40 

17. The strip of daim 1 in which the third component comprises ascorbic acid. 

ia The strp of claim 1 in which the reagent further comprises a separating component selected from the group con- 
sisting of polyethylene glycol, poly (methylvinyl etherAnaleic) anhydrida polypropylene glycol, polystyrene sulfonic 
45 acid, pdyacrylic add. polyvinyl alcohol, and polyvinyl sulfonic add. 

19. The strip of daim 1 in wNch the intermediate layer comprises a thermoplastic sheet. 

20. The strip of daim 1 in wNch the intermediate layer comprises polyester. 

21. The strip of daim 1 in which the bibulous areas and non-btxious region comprise uncrushed and crushed regions 
of the membrane layer, respectively. 

22. The strip of daim 21 in which the uncrushed bibulous areas are substantially cdumnar, each with a base in the 
55 membrane and. opposite the base, an end tfiat adjoins the bottom layer. 

23. The strfp of daim 21 in which the uncaished bibulous areas are substantially columnar, each with a base In the 
membrane and. opposite the basa an end ttiat adjoins the top layer. 
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24. The strip of daim 1 further cocrprising a top layer that is contiguous with the top surface of the membrane layer and 
has through holes that align with the assay areas. 

25. The strip of daim 24 in which the membrane l^er is adhered to the top laya^. 

5 

26. The strip oif daim 25 in wfiich the membrane layer is adhered to the to player with an adhesive that is restricted to 
the non-bibufous region of the membrane layer. 

27. The strip of claim 1 . further comprising an absoitsent layer that contacts ^e end of the membrane that is nearest 
10 the first end of the strqpL 

2& Ttie strip of daim 1 furttier coinprising at)sorbent layers thai contact each end of ttie membrane l£^. 

29. The strip of daim 30, in which the through hole for accepting the sample is near the end of the strip that Is distal 
IS from the first end. 

30. The strip of claim 1 furth^ comprising a timer element, which comprises an assay area that indudes. in addition to 
the reagent, an amount of glucose that causes the area to change color a predetermined time after the sample is 
applied to the strip. 

20 

31 . A method for measuring a concentralion of analyte in a sample of biological fluid, comprising the steps of: 

(a) applying the sample to a reagent test strp that comprises: 

25 (i) a bottom layer with a through hole Ibr accepting the sample, 

(ii) a membrane layer, having a sample side fadng the bottom layer and comprising a plurality of tHbuious 
assay areas that each change color when contacted with fluid containing at lea^ a predetermined amount 
of analyte, greater than the anrxxjnt of analyte that causes a change in color of the assay areas that are 
closer to a first end of the strip and 

so 0)9 metering means for distributing the sample from the through hde along a predetermined path to each 

of the assay areas and 

(b) determining the analyte cor)centration lay ot)servin9 the assay area that changes color and that Is most dis- 
tant from the first end of the strip. 
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